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ABSTRACT 

Exogenous  nucleotides  were  found  to  protect  innmmalian  cells  from 
Pscudomonns  (PE)  nnd  diplitheria  (DE)  exotoxins.  Tlie  protection  was 
dose-dependent  and  required  the  simultaneous  presence  of  nucleotide 
during  toxin  challenge.  Protection  from  DE  v.’as  proportional  to  the 
numher  of  phosidiates  in  the  nucleotides,  exhibited  base  specificity, 
and  required  an  intact  nucleotide  for  full,  expression.  Protection 
from  PE  seemed  to  require  only  phos-pha)  e ol  i gor.:er  s . Ncitlier 
piio:  ; horylat.ion  nor  interference,  witli  tire  (intracellular)  enrymatic 
activities  of  Lire  to  ins  appeared  to  mediate  the  protection.  It 
was  concluded  that  e;:ogenous  nucleotide,.;  block  tiro  attachment  or 
int  c rnal  i xa  t.  Jor,  .''  tager  of  in ; oxi  catior' . 
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Corynebactcr iuni  dlplitlmr l;io , the  causative  organism  of  d iplitlier ia , 
produces  a single  exotoxin  (DE)  wliicli  is  believed  to  be  resijonslble  for 
the  severe  symptoms  of  the  disease,  DE  is  lethal  for  several  animal 
species  and  cytotoxic  for  a variety  of  cultured  mammalian  ceils  (5,  9, 
21).  Cell  culture  studies  indicate  that  the  primary  event  leading  to 
cytotoxicity  is  a toxin-induced  inliibitio)!  of  protein  synthesis. 
Inhibition  appears  to  result  from  toxin-catalyzed  inactivation  of  an 
intra  ellular  enzyme,  necessary  for  protein  syn(.he:;is,  elongation 
factor  2 (EF-2)  (5,9,21). 

Psc  .dnniQ-.  as  aoriigi iio.sa  ir:  a ubiquitous,  normally  l.annlc.ss  bactcrii;;.; 
v;lilch  can  produce  1 ife-threatcnln;’,  infectio  ■ in  patients  with  ir.pr'’'red 
immune  fvinctlon  (15).  Unlike  G.  di  nhl  her  i ae , _P.  aeiu''i  produce.s 

several  c^'tupatbogenic  cxtraccll  ul  ar  pre'ucis  (15).  Eoworer,  tl,cre  is 
increasi'  cvJdcncv.-  th.st  one  of  the.se,  eyotoxi'.  A (I’l.)  , play;:  a 
particularly  important  role  in  the  infection  pat  lio'u  an:  is  . Per  exar  pi  c , 
I’ll  is  produ'ced  I'}'  ii.  j.st  clinical  i.solates  (2,  2/i ) , cyto'o:  ic  icn'  i;;’>r'y 
mariii' -ilian  cell  lines  (IG,  22)  and  lethal  for  .several  ia'.imal  speeie;-. 

(lA , 15,  2.1).  The,  report  that  UK  ivihil  ;i  ptoteln  .'.ynths-,'  In 
mammalia:';  cells  (22),  follow..  >]  ly  a deiaon.sl  rat  io:i  lliat.  ITl  ha;.  ;ai 
enzymi  t' i t A))T--ril  sylaling  .activity  .s.i;r!l,ir  to  th.at  o rd'.  (.11) 
ral.scd  t;he  pcs:.;  J b.i  1 I i,y  that  tlicse  t o to;;;n;;  h.-!\'t:  '''icnar  mechan''r. 
of  cellul.r  intccvle.at  ion.  Hurt  I'e.cc'nt  ccith-.’ce  indic.nter.  that  such 
is  not.  Ihn  ca.sc  aiid  that.,  ilc-spile  similar  i :i,  y.-i.-it  ic  nc:  iv  ' tie,;,  1’!'. 
and  DE  ; cm._-how  di  i’fe.r  in  tin  h cjver;.!!  m'.'eh.-'ni.STns.  t'f  intoxicat  i i 
(IG,  ID). 


Iv'e  ) e;  irl  here  tli.nt  exog/'n.'u;.  iiucl  eol  i pioteci  cells  !' o;-i 
I lie  act  ion;;  liCiil;  ill  .mu  IMl.  Althoup.l’  the  clia  r.ict  er  i ;;t  ic.s  of 
protect  ion  from  e.i-  li  toxin  ,ire  differenl  , ov;.'  re.snit.s  .ire 
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consistent  with  t)ie  view  that  the  attachment  or  internalization 
stages  of  PE  and  BE  Intoxication  are  perturbed  by  nucleotides. 
This  observation  may  provide  a future  probe  into  the  meclianism  by 
which  botli  toxins  enter  the  cell. 
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MATERIAT.S  AND  Mi:TMODf. 


Cells  and  cell  culture.  Seed  stock  for  all  cell  lines  was  obtained 

from  tlic  Aiiierican  'J’yP^^  Culture  Collection  (ATCC),  Rockville,  Md . Each 

2 

line  \.as  maintained  In  75-cm  T-flnskc  (Costa'-  #3075)  with  the  medium 
and  se.rum  siippleucii t leconriicnucd  liy  ATCC. 

Media  and  s.er.a  . All  modlr:,  vitamins,  an  t 'ibi  ot  i cs  and  amino  ac'ds 
were  obtained  froi.i  Grand  Island  Eiological  Company,  Grand  Island,  N.Y. 
Pet;  ! cal.f  serum  was  p-ur chari.'d  from  Relu  is  Ciicmical  Comjiany,  pi'oei-ijy. , 
Ariz.  Tiie.  serum  \;is  boat-in.-:c!  ivated  for  30  min  at  bC'C  liefore  us. 

In  cell  culture. 


Tnniiv^.  P.  ar‘n;^f;2no_r:a , rUra.in  PAl(i3,  was  obtai'ied  from  P.  V.  Liu. 

Z"  Lio.sa  exetoxin  A v;as  produced  and,  j-ur  i f u d by  Stepheii  1 i ; ! 

of  this.  Tn"  t-i  tut  c-  (14).  Tlie  final  product  bc'bave>;,  ;.a  sinpde  pol  y. '-ptido 
of  66,00',,'  dalLoiis,  contain.'-:  no  rr.bl  e carlohydr;;  l < .-ind  is  mart  than 

95%  pui',;  ,.s.  jud;,.'-'d  by  r adiun  doc''.-yl  sulfate,  pol  y.'it;r  \ 1 a ■ b'e  j’tl 
ol  ectropluir.:;;!  .s.  Ile,.ilu;  t.I-.a  puv'fie.d  to.yin  ; t 70°C  fo.-  ] h cc-plclely 
der.tvcys  its  rytotoxi.c  artlvil.y.  The  medi-in  lell.al  dose  (Ll>,  ^)  of  !'L 
purifiid  in  'his  i.rinnor  \.-as  0.1  iig/20-j,  C.'!  1 r ii;'.';  . PR  w.-ns  ".-ic  t i v.i  t cd " 
for  vibo'-.yla'.  ion  eajier  imcnl  s by  a j-irov  iou:;T  y d.-sf- )- i b'  .1  ueLl'.od  (14). 

I)E  v.':S  obt.ained  ) roir  r,)rinangl.l  L;dior;i  tor  i , ’jori-nto,  .and  jfit.l 
by  fliro;  .-itop.ra'.ihy  o\t’|-  DF.-.52,  C~l(:3  :',epl:.-ide;^  ;nid  bydro'v'i  .•ii''."!  i to. 

Tlie  fiii"il  pii'dicl:  v.’.'is,  i 4id  i st  i n;,\i ; dial- 1 e.  i'l  ei  1 I culture  r..;pi-r  i?  len! 
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froi..  purl-flc'd  DIC  (23  MLl)/j'<;)  supplied  liy  Dr.  A.  M.  Pnppenheiincr , Jr., 
Harvard  Unlvor.s  j t y . DE  frap.iiu’nt  A was  piTpared  by  a previously 
published  mctliod  (8).  Toxin  c:onccntrntions  were  determined  using 
extinction  coefficients  (E^^cm)  at  280  nm  of  10.5  and  11.9  for  PE 
and  DE,  respect ivi^ly. 

Cheriical  r. . Cheniical  .s , Iheir  abbreviations  and  sources  are 

lifjted  in  Tabic;  1.  Concern  ra  1 i ons  were  deteriiiim  d spectroplioloiiietricn'' ly  , 

using  ei  fJicr  published  extinction  coefficients  (29)  or  those'  furnished 

by  the  sup-piior;  ijurity  v;ns  assessed  by  thin  layer  chromatog.rap' y 

(25).  [ ^' *C]  Nicot  inamide,  adenine  dinucleotide  v;c:s  ol-tained  i 

Amersham/Sc-arlc , Arlington  Height  , 111.  [^"’clA'ii’,  and 

3 

I d] AMI'  V.  ’-ij  )n'rc’;:,.'icd  from  hev;  England  Duclear,  boston.  Ma:  . . 

‘"’I ‘i?V  • Details  of  our  cytoto"  i c ' ry  assay  liave 


bcf.n  r 

‘i  ■ . 

n! 

ly  deser 

.•.bed  (17) 

; a s 1 i 

gl-a: 

v-a  ;■  let 

i on 

of  llie 

method  v.‘;  .. 

ur.cd  f 

(>  J' 

Lh 

is  worh. 

Toxin  a 

).,d  the 

cheir: 

JC'I  a 

gent 

1'  •' 

cr 

linvc 

•:  ' : ;;a  J i i. 

vcrc 

:dd 

, d 

sinultraeously  to 

cell  r. 

in  ivi 

nil  i-v.> 

cll 

1 1 

ue 

cud  1 

in  e 

]il  atc  r 

; ( 1 r j 

i 1 leal  V 

samples) 

illC- 

rd'iat 

lo'i  was  ca 

.*r  ■ 

ont  r. 

t 37 'C. 

f or  3 

1). 

All  lU'clc 

■ tide  Sell 

;i  .u''iir. 

were 

;u-cp,; 

- . 1 
1-  V-tJ 

in  a 

0 

. 1 

liyd  ro.; 

,ye 

1 by 

' p 'para;’. 

Jnc-i,'-e.L 

Ill  ■.■a.'i.ul 

feni 

n ae  Id 

(H.E 

I’l'E) 

■'.■fer 

aC  jui't 

CU 

I.o 

pH  7.2 

•t  0,2  piri 

t:o  c. 

,dd  i t 

i c r,  to 

C(  ] 

Ir. 

Tile 

i iicub,-' 

' ion 

i.'.i.s  to  r 

lit  •■ted  liy 

g ea 

c.h  lu-nol.ay 

( 

; ) 1 

or  li 

v.’iib,  r. 

V 1 

i1.  - 

fi’cici  niw(' 

iuni  and  a 

ddi-ng  (■ 

c-.l:i;''l 

c l e int 

']  J irr. 

1.  o 

CO- 

ill  itii. 

'(■  cd  1 

rill  t sir 

Aftei  4." 

li  of  fni'i 

’kt  inc 

nb.;: 

ill'  the  ’.no 

nolr. 

1 ;■  v.’O 

re 

wa.'.h'd 

\: 

i th 

Il'ml,  ’ 

had  aiiced 

ra  I t .0(1 

1 111'  i 

on  and 

the 

reii! 

i i i n i ng 

ad’u') 

ul‘ 

C” 

1 1 u v.'c-i'e 

d j s;  (live 

’ in  0 . 

1 M 

!'  c:  f 

' pti'te 

i n 

nr  ].•( 

>■ . 

Dat;;  a 

»'  • 

pi 

ul  t. I'ri 

I'ci  cc  nl 

of  cc-nt 

ro ! 

I lU'-uea 

1 inn 

; . i 

• h 

the 

cliei.i  ii  al 

(■I'ror''  cen-  lojcaily  1-47  ()()). 


aj'.ei'.t  alone;  stand,.)'’ 


Rlbosylgt Ion  assay . The  effects  of  chemicals  on  ADP-rihosyl 
transferase  activity  of  "activated"  PE  and  I)E  fraf>,mcnt  A were  carried 
out  as  previously  described  (16). 


RESULTS 

Protection  from  PE  and  UI^  l^y  adenine  micl  rot  Jdos  . Exop.enoiis 
adcvn'ne  nucleotides  protecLc'd  cells  from  both  I’E  and  DE  altlioufih  tlie 
pattern  of  spec  1 f Lc Ity  was  dlffereut  for  eacli  toxin.  Pr  'tcclion 
was  dose- dependent  and  relatc-'i'  to  the  .iej'.eth.  of  the  piic.sp'iatr*  chain 
on  tile  nucleoside.  Adenine  imcleot  Ldc;  j-rc-t  ectlo.’  of  Ucl  a cell; 
from  UE  is  demonsi:rated  in  Fi^uic  lA.  A'':!'  v.-an  lie.  ti  'st  5, etc  at 
prott^'-l..  1 '.H-  agent  c'l  t.he  series,  about  10-IoJd  : c>:'.  poti,-nt:  thari  A': 
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Phosphate  oligomers  proviclod  some  measure  of  protection  from 
PE  and  DK.  Figure  2A  shov;s  the  effect  c>f.  pyroptiosphate  and 
tri  poly|)hosphate  on  ])lC-chall  enged  IleLa  cells.  Although  botli 
compounds  were,  active,  tripolyphosphate  vaas  only  1/10  aaJ 
pyrophosphate  1/50  as  potent  as  ATI’.  Neith.er  plio.spliate  compound 
ine.a"  urabl  y affe(.:lcd  PE-induced  cytotoxicity  in  llda  cc'lls.  I’rotection 
from  PE  was  appari-ut,  hov’cver,  in  the  Tuort  loxin  ..'ei-::-.:  t :i  \ e L-925 
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to  subsLontlal  cell  death,  Tr  i po]  ypliosphatc  and  thymidine  sei)arately 
provided  no  protection,  and  together,  their  protective  potential  v.'as  not 
increased.  Tlius,  it  api>ear.s  tliat  covalent  attacliment  of  tr ijjol  ypliosptia te 
to  tlie.  iuicleo;;ide  is  necessary  for  full  cx|iression  of  I)l>protective 
act i vi t y . 

Sj_nic  ' lO'i^ic  t i V i tj,'  relatjx)n,‘-.!ii  |)K  of  tlie  Dt'>-]n'oli'c  t i ve  rnmiioinn!.'''. 
Structure-oc'.  iv  it  ) icla'  ■ on.'.lii  pr.  of  t!ie  DE-pr.'tective,  coiiipeunds  v.cre 
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and  CpA  were  not  measurably  different  from  AMP,  offering  only  low 
level  protection,  as  did  Poly  A and  Poly  C.  Neltlier  cAMI’,  cCiMP 
nor  their  dibutyryl  derivatives  p,ave  mi-asurabl  c protection,  nor  did  the 
phos))hod  i esterase  inliibitor,  theophylline,  either  alone  or  in  combin  il  ion 
with  the  cyclic  coiiipounds  (data  not  shown). 

Part  D lists  compounds  not  conveniently  cl  ns.'^i  Tied  in  t>ne  of 
the  al)ove  gronp.s.  ADPR  and  I'RPP  coni  eyed  a low  Ic-vcl  of  prelection 
from  DP.  Acetyl  CoA  al  f:o  ]n'ovided  a low  lev  1 of  protect  itri  from  ])i;, 
althou)'P  Ct'A  liad  no  nieasnral'le  effect.  licitlie;-  RAD,  :i ! nuores(cnt 
dcr  i \'ni' i.ve , lRAD,  nor  tb.t  pclyanion,  licpa.rin,  b.ad  mcastira!)]  !'  ;'r-caect  ic.- 
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of  cytotoxic  activity.  ATP  addition  to  co]l.‘j  after  various  periods 
of  toxin  ciiallengc  resulted  in  rapidly  decreasing  protective 
potential  with  incrciising  cliallenge  time.  In  as  littlc'  as  1/2  liour, 
a marked  reduction  in  apparent  protective  iiotential  was  observed 
(closed  circles)  and  by  3 h,  no  n,easurab1e  proti'Ction  could  be 
obtaiiK-d.  IMotted  in  a semilog,  fa.sliion,  tbc’Se  data  exiiii'it  apparent 
first -order  b.ii.etics,  essentially  like  thosio  obtairiod  \'hc-n  the  cell 
moiiol  ;.'yt  r s aie  simply  war.bed  altej-  various  challenge  ].e'ri.  = (lb). 

Korben’jol vxT'hU'  -'HP  tnclogn.  The  corvclation  of  narleotiiU- 
phosphate  c.hain  length  to  protective  potency  sugg.est ed  llat.  np. 
prote.tion  may  be  r.i-.  d j ati.'d  by  phofphr.te  transfer.  To  test  this 
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excesses  of  the  corresponding  unlabelcd  coinpoimds . Moreover,  in 
contrast  to  their  varied  protective  potcircims  (see  Fig.  1),  the 
binding  levels  of  all  three  nuclc!oLides  were  es.sent  ial  ly  tlie  same. 

Ff f cc t o f^  n uc- l^eo t ides  on  ADI’- 1 ran s f erase  ac' t i v i t y . The  effects 
of  adenine,  adenine  lU'cl ootides , and  adenosine  on  DF-  and  FE  frajpnenl 
A-calalyxed  ribosyl  al:ion  liave  been  previously  desc''ibcd  (iO,  12). 
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I 

Most  convincing  nro  the  data  showing  that  all  the  nucleotide 
triphospliates  have  PE-protect J ve  potencies  Identical  to  that  of 
tripolypho.sphate  (Eig.  315)  • Tliis,  coupled  with  the  fact  that  none 
of  the  tested  compounds  exhibited  PE  protection  at  concentrations 

I 

< 1 mM,  implies  a more  nonspecific  effect  than  tliat  responsible  | 

for  DE  protection.  | 

The  ol'servation  that  nucleotides  and  phosphate  oligomers  will  | 

protect  L-929,  but  not  HeEa , cells  from  PE  may  indicate  that  there  is  | 

more  than  one  mechanism  by  which  PE  enters  the  cell  and  is  "activated."  | 

Support  fur  this  proposal  exists  in  the-  demonstration  that  the  in  1 

vitro  ribosylation  activity  of  PE  may  be  marltedly  increased  in  tv;o  p 

|i 

different  manners,  by  treatment  witi;  denaturant  and  rcductant  (14)  I 

or  by  f tc' gmentatlon  (31).  Poseibly  pliospliates  are  able  to  hlocl;  j 

only  one  of  these  "activation  mecliinisms"  (if  either  occur  in  vivo)  ) 

and  tlius  protect  c'rly  the  cell  line  for  which  that  particular  (i 

mechanism  c>f  intox  Lcatic'n  is  ojicrahle.  In  any  case,  it  is  clear  := 

that  the  choice  of  cell  line  may  be  cvit'cal  in  studies  of  this 

type,  since  L-929  is  the  only  one  of  seven  PE-responsive  lines 

examined  \,hlch  was  jirotected  by  nucleotitles  while  all  DE-responsi ve  ^ 

llno5;  were.  Indeed,  in  our  recently  publ  i.slicd  chemical  and  drug  ; 

j 

protection  study  (16),  we  us(’d  only  Heha  and  HEp-2  cells,  both  ] 

relatively  insensil  ive  to  PC,  We  liave  since  reinvestigated  the 

drugs  tested  in  that  work  using,  hJglily  PE-sensitive  1,-929  cells 
and  obtained  comparable  results  in  nearly  all  cases.  Tlie  single 

exception,  Nil,  Cl  , war.  able  to  protect  L-929,  hut  not  HeLa  or  HEp-2 , ; 

colls  from  the  cy  i c .icLion  of  V]Z,  ■ 


L 


Althoiigh  ;U  high  concentrations,  ]>hosphates  alone  can  jirovicla 


protection  from  I)E  as  well  as  from  PE  (J’i^^s.  2A  and  11),  tlie 
characteristics  of  nucleotide  ]n-otectio.i  from  DE  are  significantly 
differenu.  There  i.-  a specificity  of  tlie  nitrogenous  base  foi 
prctective  potency.  CTP,  for  example,  v.'.is  not  sig.iif  icantl  y 
difiei'cnt  from  t r i , ol.yphosjihatc  in  protective  activity,  \jliilc-  TIP 
was  at  least  20-fold  more  active.  Surprisingly,  in  viev.'  of  lb- 
clear  dif  *'er  ences;  in  potei'c  1 css  of  the  c.ommon  purii.t  and  ]n<r  L;.iid  i n" 
nuclc.ol'io  triphoPi)hattss,  chc-uiical  subs  r i tut  ionr.  cn.  the  ha.se  d’S  not 
detes,  tably  alter  the  DE-j-n'ol  c'ctive  pot.ncy  relati'ce  to  the  i'.;'i.i.n! 
co!Tr)ioii' ’ ■ (Table  2).  Mo)-eci'.-er , potency  v.-'as  not  af-rcs-ted  by 
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effects  on  toxin-catalyzed  ribosylation  demonstrated  rather  similar, 
probably  nonspecific  inhibition  (Fig.,  7)..  However,  assuming  that 
Inhibition  of  ribt)sylation  is  roughly  pro]H)rtiona1  to  proteetioii  of 
ceils,  it  would  require  intracellular  pyro-  or  tripol  ypho.splia!  e 
concentrations  of  5 mM  or  great  r r to  account  for  the  ob.served  protective 
effect.  It  seems  extreme l.y  utilikely  that  cultured  cells  could  achieve 
such  high  intracellular  coneentratieus . Fur  tbcrmorc’ , neither  ] hr.-  hate 
compound  lifotcicts  HeJ.a  cells  from  IF,  nl  thougli  both  effc-etively 
prevent  1)E  intoxication.  Sir.ee  previous  studies  have  iitcl  i catc\’. 
that  FF-2  from  all  cell  sources  is  rilx'syla'ed  sii.ri  1 ar]  y by  both 
toxins  C),  IS),  it  felJov/s  that  a bl  ocl:  of  cytotoxicity  at  tin.  lev.  ' 
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found  tliat  oxoi'^onous  ATI’  acco]  oratfd  phap.ocy  torn' s and  cellular  spreading 
of  guinea  pig  macrophag.es . More  i-eccntrly,  it  has  been  shov/n  that 
exogenous  ATI'  may  briitg  about  a con  forma t iunal  change  in  t he  Ca 
dependent  ATI’ase  of  thc'  s.ircopl  reticulum  (3).  V.'e  find  this 

v.'ork  particularly  interest  iug  since  v.e  have  evidence  implicating 

j I , I -j- 

t he  Ca  >!g  -dcpcndc-.it  AT]’a>'.c  in  DE  intoyic.a I j on  (16). 

The  iioleculaT  evicts  responsible  for  nuflcotide  ’iroicction 
from  1)E  an  r.nclee.r.  ibe  prciL  ec  t.  i on  is  :•  o::iev!i  _t  toxin-Siiec  i f i c in 
that  nuclce;  Lclcs  did  not  prc'te.ct  Hi  l.a  cells  fion  PH  or  the  plant  toxin 
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j.  (3'-3')  !. 
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Guanine 

— 

S 

Guanosinc  3' : 'S'-cycl  ic- 

cGMP 

s 

inonoplio  :;plior  ie  ac:  i ci 

2 ? * 

N ,0'  -ciibutyryl  ;;iianosine  3':3'~ 

dibntyry]  cGHP 

s 

cycii  c-inonophos))lior  ic  acid 

2 '-Dcoxvi'.nnnoeim'-j  ' - iriplicisii!):il  e 
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s 

Ino.s  i iiu-  5 ' -Lripluisphal  e 

I'i’i' 

S.C.l’L 
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Cj 
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(• 
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c 
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— 

s 
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Pb 

d i nnc .1  (.'or  i do 
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PUPP 

s 

Diymir'  aap.';.; ie 

TTj' 

s,f 
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c; 
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u 
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Tr  i i .1  no i • , y ; h\  ...  L c'  ! ne-  3 ' - 

r,^d-TiP 
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Urid  ine-a  '-1  r i 'ph'!::p!i.,  Lc 
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r. 
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— 
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.3 
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)1 
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Table  2.  Hb-prol  cr t i ve  potency  of  micleoslcle 


Croup 

Compound  ■ • • 

Kffect 

A 

Ara-ATP 

-1  , ■ 

dATP 

H-f 

Arn-CTl’ 

T 

dcri' 

d- 

dCTP 

-1  M 

d 1 Tf 

■1 1 ; 

cUrii 

H If 

15 

8151  -ATP 

•!  M- 

5bi  -f"  f” 

■) 

•1-;  ; 

3Li  -(’11 1 1' 

d 1 1 

XT)’ 

•1-1 

C 

ApA 

-1- 

ApC 

j 

C,.f 

■1 

To ! ^ A 

■■ 

I’oly  ( 

.1. 

0 

ixilnt;,  .1 

0 

cCMi 

0 

lUb.  ry1  cCM" 

0 

Au:  u 

mil 

■1 

Acc  l c:.  .' 

•1 

( uA 

Cl 

i:a!' 

0 

rCA') 

(; 

Hop  1 in 

0 

T!!8 

lliH 

d , :■ 

11' 

.» 

1 

0 
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I’lj;.  1. . PrcU  ccl  inn  frcim  lUC  i n_c  mu:  I cnf  i d v:: . 

of  nupT  oot:  idoH  on  mu!_  cy  tot:o>:i'.c i ly  dc'l'C’rmim:<i  a_s  done.! 

2n_  Mat  cr  i;il  n and  Mi't  liocls.  A;  co.ys  dial  1 cn:',od  v.'ith  10  n_^/iiil 

M-‘  /'-'lil  (•>).  AIT.  ( C ),  Al^il  (FM,  amp  (A  ),  Imffor  (*).  B:  ] 

5Al]ii  dial  1 mipocl  v:i  1 li  1 jl  rip  da  A;A  ( O ) , ( O ) , AA  ^ 

AMP  ( A 1 , IniJAir  F'  ) • 

I'iC.-  2.  10  od-i_c  t‘ ii'n  from  I'P  an’  d',  d,'  ' i [ynntm  i £.  AA'i''  'LA' 

t s of  o_l  1. f',( niior ;i c i l]o_  on  DP  .'ir.d  1”.  c\  (_ot  ''A  A'' 

dd  ar,  (1^01.  r il'iod  In  Mo  d-r .!  a’l  n ainl  M'jliodr;.  A'  lA' 

cbnlli.ii'  A \'j  ill  JO  n;;/-,-.il  I)H:  A’i’  (Cl  A nyi'''.;D>.'ri  * ' (L.  ' 

trJiAfPll''’iv’  .d.  (/a.  i>F'  . cd-il  ' or,'  .'J  v?illi  1 n-Zrl 

PI':  ATi'  ( O),  py_i‘op!ir22'; ‘ ti  ( f_]  ) i r i ji- 1 ( ,1'  ^ 

I if.  3.  l'rni:-rt  I'o'-.  'A  ; c : 

l.ffccL;.  of  midf'^'t  1 i i ;)]u jp'.-i  f o-i  i:'  Dj  - ._iid  : ■ 

v'i-vr-  (D'l,  "ri-  ’ -ii'd  r.  dn'orl!''’  in  Ma  1 ' ’a  ' i .''.I  ''  li;''.  . I'  ' • 

pel  I;;  cf.-il  lonrod  \rii  n ] 'l  Ii(’,/ll:l  A'l  ■ ( O )j  0 ’ ' ( !Fi  ' • ' ' i'C' 

GTP  ( A:  ),  V ,■  (r:  ),  A'F  ( A ).  d 1;  "y.!)  c • .-iiy.-.  ’v-'C 

10  If',/.  ’ P ; .'aP''.  :■'''l!ll'Ml  nn ! .'■  t_ 'i  on  , u:' i i A ."n  ' t r i p.  ' p’l' 

(/■.  )• 

|''i,  . 'i . ( op ' i on  fiM  I'l.  I'\  ni>'i((|  Mo  o,  .rp'ir  n ■ . Tin'  i 

o)  I tr’'  PO  V'."'  ral  ii'O'-  <•  I be  .O'l'  ' • i n.l  i p .'O  . \.-or;  doi'i'i  i)  M 

!'.l  .'ir.d.in'  (■'  ' o ■ ■ ■ i i' i ! y l<  ' li.ninp  1 i rol';;  oD.'l’  ’y.on  v.'i'.  I'"'  n; 

IlK.  I'l'i  -nr  i>  i'.‘.  nlioo  i.iaiulo  d i ;'i  or  ol  i”'  n. 
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